Short Paper
The Diabetic Bladder The earliest reference to diabetic neuropathy as a cause of bladder dysfunction was by Marchal de Calvi (1864). Since that time, there have been several reports on vesical abnormalities in diabetic patients (Jordan & Crabtree 1935 , Rudy & Muellner 1941 , Rudy & Epstein 1945 , Rundles 1945 , Spring & Hymes 1953 . The condition was generally considered to be a late manifestation of uncontrolled or poorly controlled diabetes and there was a high incidence of urinary infection and poor prognosis (Jordan & Crabtree 1935) . However, the recent availability of cystometric, cystourethrographic and electromyographic methods has shown a much higher incidence of abnormalities (Larcon et al. 1965 , Ellenberg 1966 , Fagerberg et al. 1967 and that the condition may at times be asymptomatic (Ellenberg 1967 , Faerman et al. 1971 .
Patients
Forty diabetic patients, 26 males and 14 females were studied. Their ages ranged from 28 to 75 and the known duration of their diabetes was 0-39 years. Four patients were new untreated cases, 14 were mild diabetics controlled with diet or oral hypoglycemic drugs and 22 required insulin. Seven patients were treated by pituitary ablation with a transnasal yttrium-90 implant because there was progressive retinopathy. The patients were randomly selected from the diabetic clinic, and the medical and urological wards. The purpose and details of the investigations were explained'and their cooperation was obtained.
Eleven patients complained of urinary symptoms which included stress incontinence (1), dysuria and frequency (3) and prostatism (5). Two patients presented with chronic retention of urine with overflow incontinence. Twenty-five of the patients were asymptomatic and without bacteriological evidence of present or past urinary infection.
Five out of 11 patients with urinary symptoms had bacteriological evidence of urinary infection and in 4 others symptomless infection had been noted. Impotence was recorded in 10 and ejaculatory disturbances in 2.
Methods: Urodynamic Measurements
(1) Direct readings of urine flow rates were obobtained by means of a uroflowmeter which was designed on the principle of computing urine volumes as a function of time (Roy 1971). Peak flow rates were recorded: the normal range being 15-40 ml/s (von Garrelts 1956).
(2) Urethral pressure profiles were obtained according to the method described by Brown & Wickham (1969) .
(3) Residual urine volumes were measured. Volumes less than 50 ml were regarded as normal. (4) Cystometry was carried out using two urethral catheters (8 Fr and 5 Fr). One was coupled to a reservoir of normal saline through a transfusion set, and the other through a transducer system to an ultraviolet light recorder. Simultaneous recordings of rectal pressures were obtained by means of balloon-ended rectal catheters, and intrinsic bladder pressures were deduced after subtracting rectal pressures from the bladder pressures. Bladder capacity was regarded as normal if it did not exceed 500 ml.
(5) Bladder sensation was expressed as an inverse relation of the bladder capacity to the volume present when there was primary awareness of filling.
Results
As a result of the urodynamic studies abnormalities were demonstrable in 32 patients. In the remaining 8 no abnormality could be detected. In 24 the bladder capacity was large and the cystometric curves were either flat or showed only a small pressure rise on filling, bladder sensation was diminished or absent, the peak flow rates were normal with residual urine volumes less than 50 ml. In 19 of the patients with abnormal bladder capacities and diminished bladder sensation, voiding characteristics were normal and the patients were asymptomatic (Fig 1) .
In 4 patients there were large capacity, atonic, insensitive bladders with excessive residual urine and poor flow rates (less than 15 ml per second). Two other patients presented with complete bladder paralysis so that flow rates were unobtainable: catheterization demonstrated residual urine volumes of 2100 and 3000 ml respectively. In one, diabetes had been present for 39 years; in the other, the paralysed bladder was the initial clinical manifestation of diabetes. Urinary infection was present in all patients with poor flow rates and excessive residual urine. In those patients with bladder capacities exceeding 500 ml the mean value was 937 and a significant negative correlations (r= -0.64) was seen when bladder pressures were compared with bladder capacities, denoting hypotonicity (Fig 2) .
In 2 patients the cystometrograms were normal but peak urine flow rates were low and abnormal urethral pressure profiles suggested outflow tract obstruction: in one of these the obstruction was due to prostatic enlargement and in the other there was a strictured urethra.
With regard to bladder sensation in those patients with bladder capacities which did not exceed 500 ml, awareness of bladder filling was first experienced when it was 47.7 % s.e. 6.6 Y of the bladder capacity. In those patients with capacities greater than 500 ml, the first sensation of bladder filling was delayed until the volume was 78.7 % s.e. 3.4 % of the bladder capacity. The difference between these two groups is highly significant (P<0.001).
Impotence was noted in 12 of the 26 male patients (46.1 Y.) and in 10 there was a demonstrable bladder abnormality. In 2 patients pituitary ablation had been performed but the impotence antedated the operation. Although there was a statistically significant correlation (P<0.05) between the abnormalities of bladder function and the severity of the diabetes, judged according to whether or not the patients required insulin, this was not the case in respect of the duration of the diabetes.
Discussion
Bladder dysfunction in diabetes mellitus is accepted to be a manifestation of autonomic Flow rate neuropathy (Jordan & Crabtree 1935 , Rundles 1945 , Ellenberg 1966 . Earlier studies of bladder function in diabetic patients were based on clinical, radiological, endoscopic and manometric assessments (Gill 1936 , Rundles 1945 , Lich & Grant 1948 , Larcon et al. 1965 , Ellenberg 1966 (Rundles 1945 , Lich & Grant 1948 , Balfour & Ankenman 1956 , Ellenberg 1966 . Impaired or absent bladder sensation certainly was common in the patients in the present series, and relating volume at which sensation is first experienced to total bladder capacity provided a useful index for evaluating the integrity of bladder sensation:
values greater than 50 %Y indicate a neurological defect. Characteristic abnormalities observed by cystometry include a large capacity bladder with a flat filling curve with little or no pressure rise. A bladder capacity of 500 ml is regarded as the upper limit of normal (Bates 1971 , Ellenberg 1967 , Faerman et al. 1971 . In diabetic patients with neurogenic bladders the increased capacity is probably initiated by defective perception of bladder filling and there is subsequent bladder atony due to impaired detrusor activity. Spontaneous detrusor contractions were absent in those patients with large capacity bladders and the flat, featureless, cystometric curves undoubtedly reflect hypotonicity or atonicity of the bladder.
In 24 patients (60%) the cystometrogram was the only detectable abnormality: 19 of these patients were asymptomatic. A similar incidence has been reported by others (Ellenberg 1967 , Faerman et al. 1971 . As the condition progresses, functional impairment of the external sphincter muscle, from involvement of the pudendal nerves, together with loss of detrusor activity results in poor urine flow rates, incomplete bladder emptying and infection of the residual urine. This was seen to be so in 6 patients, in 2 of whom the condition had advanced to complete bladder paralysis.
It is possible that there is a common neurological denominator to account for the bladder abnormalities and the impotence: 41 % of the male patients in the present series. Ellenberg (1971) observed bladder dysfunction in 37/45 impotent male diabetics and tests of androgen function, including plasma testosterone, urinary 17-ketosteroid excretion and testicular biopsy are said to show no abnormality (Faerman et al. 1972) . Summary Forty diabetic patients were investigated by established urodynamic techniques. Objective evidence of bladder dysfunction was detected in 30 of them. The commonest abnormality was a large capacity bladder with diminished sensation and the condition was usually asymptomatic. Bladder decompensation with sphincter involvement resulted in excessive residual urine and infection. Bladder paralysis with chronic painless retention of urine was rare. The bladder lesion appears to be related to the severity of diabetes but not to its duration. The high incidence of bladder dysfunction in this series indicates the value of urodynamic measurements in detecting autonomic neuropathy in diabetes mellitus.
DISCUSSION
Mr J D Jenkins (Soutthampton General Hospital) said that the number of diabetic patients with a demonstrable bladder abnormality seemed to be very high. He noted that patients with a bladder capacity in excess of 500 ml of urine were classed as having an atonic bladder and yet it seemed that many of these did not have any residual urine. He wondered whether the term 'atonic bladder' was consistent with lack of residual urine. Also, cystometrograms slhown with a small pressure rise did not seem to him to be abnormal, as even with a full bladder and a desire to void, the pressure rise was not very great.
Mr Buck, in reply, said that a high incidence of bladder abnormalities in diabetics is now well recognized and has been reported by others. The flat cystometric curve with little pressure rise and diminished sensation associated with a large urine volume (mean 937 ml) must be regarded as abnormal and indicative of the lower motor neurone type of atonic bladder.
